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延伸到 900与 1,000公尺左右。 
第二部分将探讨台湾东北海域经常性存在冷水涡的跨年度特性。藉由经验证交函数分析沿









的水温骤降事件的发生。另外分析结果显示，运用 Oceanic Niño Index与累积风速分别可以对



















This report includes three parts, “Characteristics of eddies approaching the 
Kuroshio east of Taiwan”, “Interannual variability of summer cold domes northeast of 
Taiwan”, and “Predictability of exceptionally cold water days in the southern Taiwan 
Strait”. 
In the First part of this report, the objectives of this study are to investigate 
characteristics and dynamic features of oceanic eddy close to the Kuroshio near 
Taiwan. The data used in this study include sea surface height derived from satellite 
altimeter and temperature-salinity profile derived from Agro floats. An 
objective-automatic detection and tracking algorithm of oceanic eddy has been used to 
extract the characteristics of those eddies from big data. Oceanic eddies close to the 
Kuroshio region in the western North Pacific subtropical gyre are also identified and 
backtracked automatically by the objectively detecting method. The histogram of eddy 
distribution close to the Kuroshio region in east of Taiwan and the Luzon Strait reveals 
that there are two actively concentrated regions along 18º–20ºN and 22º–23ºN. 
Through a generation-location analysis for eddies in the subtropical band of 10º–30ºN 
and 121ºE–150ºW, we find that they exhibit connections to the eastward velocity shear 
of zonal flow generated by the Hawaiian Lee Countercurrent (HLCC) and the 
Subtropical Countercurrent (STCC), respectively. The average time intervals of eddies 
disturbing the Kuroshio region are 110 ± 65 days and 135 ± 100 days in the two 
concentrated regions. The seasonal variation of eddy generation indicates that eddies 
are active from late boreal winter to spring. From profiling Argo data, cyclonic and 
anticyclonic eddies are found to extend to about 900 and 1,000 m depth, respectively. 
The second part will study the interannual variability of summer cold domes 
northeast of Taiwan. From the empirical orthogonal function analysis of along-track 
satellite altimeter data, the eigenvector of mode 1 revealed a cold dome phenomenon 
located at approximately 122.6°E and 25.4°N. Its principal components were 
extrapolated with a 90% confidence level within two significant periods, namely 
annual variations and 4-to-6-year variations. In contrast to the behavior of cold dome 
observed during La Niña summer, the cold domes weakened during El Niño summer, 
during which their probability could decrease down to 21% for summer days and their 
extent decreased by 45% of climatology to 1,077 km2. During La Niña summer water 
transport was stronger and exhibited a weak cyclonic circulation centered at 122.6°E 
and 25.4°N that induced upwelling and increased cold dome formation. This implies 
that the Kuroshio transport through the North Men-Hua Canyon may be responsible 
for interannual variability of cold dome. 















Taiwan Strait (TS). Optimum interpolation sea surface temperature (SST) data were 
used to find exceptionally cold water days from January 1995 to March 2016. We 
found that the SST and wind speed over the TS are extremely low and strong in La 
Niña winters. According to tests conducted using relative operating characteristic 
curves, predictions based on the Oceanic Niño Index and integrated wind speed can be 
employed at lead times of 60‒210 and 0‒30 days, respectively. 
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Chapter 1  
Introduction 
Mesoscale eddies, which are a turbulent feature and characterized by fluctuations, 
are one of dominant phenomena in the upper ocean. Observational data with a 
substantial spatial/temporal coverage is necessary to characterize eddies and study 
their life cycles. Petersen et al. [2013] investigated three-dimensional structures of 
eddies in the global oceans by conducting a numerical model study, and indicated that 
near one-third of the eddies reach at least the 1,000 m depth. Meanwhile, 97% of 
eddies with a minimum lifespan of 4 weeks extend to the surface enabling detection 
of these eddies from the sea surface. As eddies are typically traceable on the sea 
surface, they can be well mapped by high-precision sea level data acquired by satellite 
altimeters from the past 20 years. 
As shown in Figure 1.1, eddy is characterized by density anomaly. An anomalous 
sea level can be positive or negative. The sea level anomaly ranges from centimeters 
to several dozen centimeters; that triggers lateral motion of ocean water. The motion 
balanced between pressure gradient and the Coriolis force is geostrophic. The swirl 
velocity of eddies with low pressure center is cyclonic eddy opposite that with high 
pressure center is anti-cyclonic eddy. 
Analyzing sea surface height data from satellite altimetry, Chelton et al. [2007] 
revealed many isolated eddy-like cyclonic and anticyclonic features, and discovered 
that eddies propagate westward with the phase speed of long baroclinic Rossby waves. 
Furthermore, Chelton et al. [2011] used merged altimeter data to improve the global 
mapping of nonlinear eddy observations and showed that the tracked eddies are 
generated nearly everywhere in the global oceans. Overall, the number of cyclonic 
eddies is greater than the number of anticyclonic eddies, but anticyclonic eddies 
possess greater lifespans and propagating distances. Numerical modeling by Matsuura 
and Yamagata [1982] and Cushman-Roisin et al. [1990] indicated that mesoscale 
eddies propagate primarily westward with long lifespan, especially for the 
anticyclonic eddies. Besides, sizes or energies of eddies can vary in different oceans 
depending on latitudes, water stratification, bottom topography, and so on 
[Isern-Fontanet et al., 2006]. 
The existence of eddies is important on physical phenomena. Eddies influence the 
general circulation directly through eddy-mean field interaction and eddy-eddy 
interaction; they can impact stratification, water mass formation and the stability of 
ocean flows [Pasquero et al., 2001]. Moreover, eddies act advectively, such as they 
may trap water of their generative location in the eddy core and carry it along while 
moving around [Flierl, 1981]. Previous investigations suggested that the mesoscale 
eddies play a key role in ocean dynamics, because they could transport energy and 















which has direct impacts on the atmosphere [Jochum et al., 2008; Minobe et al., 2008; 
Olson, 1991; Small et al., 2008]. Isern-Fontanet et al. [2006] and Robinson [1983] 
also indicated that mesoscale eddies of long lifespans can enhance mixing in the 
upper ocean. The kinetic energy of mesoscale eddies is one order greater than mean 
energy of the global ocean motion [Richardson, 1983; Wyrtki et al., 1976]. Mesoscale 
eddies are pivotal not only for ocean dynamics, but also for ocean biogeochemistry, 
air-sea exchange and subsequently for the Earth system. They may relieve or amplify 
environmental factors limiting phytoplankton growth [Lévy, 2008]. Eddies may 
impact the overlying atmosphere and concurrently may be affected by themselves by 
the changes they triggered to the atmosphere. 
 
 
Figure 1.1  Schematic of the basic three dimensional structure of an anticyclonic and 

























Chapter 2  
Data 
2.1 Satellite Data 
Satellite altimetry data used in this dissertation are provided by Archiving Validation 
and Interpretation of Satellite Data in Oceanography (AVISO), with support from 
Centre National d'Études Spatiales (CNES) of France. These satellite missions have 
been providing vital information since 1986 and these altimetry products cover the 
period from October 1992 to the present. The microwave radiometer transmits short 
pulses of energy downward to the ocean surface, and then receives the reflected signal. 
That is the distance from the satellite to the ocean surface called as Altimeter Range 
(AR). Sea Surface Height (SSH) is the height of the sea surface above the reference 
ellipsoid calculated as 
SSH=SA-AR-Crs ,                      (2.1) 
 
where SA is satellite altitude which is the distance of satellite above a reference 
ellipsoid and satellite position is derived from World Geodetic System 84 (WGS 84), 
as shown in Figure 2.1. The other corrections (Crs) of altimetry measurements 
including instrumental errors, environmental perturbations, the ocean sea state 
influence, the tide influence, and atmospheric pressure are needed. Moreover, SLA 
dataset is computed with respect to a seven-year mean (1993-1999) of the SSH; SLA 
is then removed the residual noise and small scale signals by filtering the data using a 
Lanczos filter with a cut-off length of 65 km. The absolute dynamic topography (ADT) 
data is defined as the sea surface height above the geoid, thus it is obtained by 
summing SLA and mean dynamic topography (MDT). Because the MDT is a part of 
mean SSH, MDT corresponds to the mean SSH minus geoid. MDT is derived from a 
geoid model based on the 4.5 years of Gravity Recovery and Climate Experiment 
(GRACE) data and combined with 16 years of in-situ measurements [drifting buoys, 
Argo floats, and conductivity-temperature-depth (CTD) profilers], altimetry and wind 
stress data. The new CNES-CLS09 MDT used from March 2010 is in better 
agreement with in-situ observations, especially in the western boundary currents 
[Maximenko et al., 2009; Rio et al., 2011]. A combined map merging measurements 
from all available altimeters is applied to produce SLA and ADT maps. The mapping 
procedures using optimal interpolation are computed on the Mercator grid projection 
with 1/4˚×1/4˚ spatial resolution, with a 7-day time interval [Ducet et al., 2000]. 















the spatial (temporal) scales are also provided. Table 2.1 summarizes data available of 
the satellite series. The TOPEX/Poseidon and Jason-1/2 satellite inclination are laying 
the foundation for long-term ocean monitoring. These satellites are 66° inclination 
and supply sea surface height with a period of 9.9156 days. The ERS-1/2, Envisat and 
Saral/AltiKa satellites are near-polar (98.52° inclination), sun-synchromous orbits, 
and supply environmental studies with a 35-day period. 
 
Table 2.1  Data available of the altimetry satellite series (adopted from AVISO 
SSALTO/DUACS user handbook, 2012) 
Satellite Operational Dates 
TOPEX/Poseidon Sep. 1992  -  Apr. 2002 
ERS-1/2 Oct. 1992  -  Apr. 2003 
Envisat Oct. 2002  -  Oct. 2010 
Jason-1 Apr. 2002  -  Oct. 2008 
Jason-2 Oct. 2008  -  present 
Saral/AltiKa Mar. 2013  -  present 
 
 
















2.2 In-situ Data 
To analyze the vertical structures of identified eddies, the qualified-controlled 
Argo data from the Coriolis Ocean database for Re-Analysis (CORA) are used 
(http://www.coriolis.eu.org). The upper 2 km of the ocean have been sampled by 
thousands of floats at the same time after 2000. The profiling floats conduct 
temperature-salinity (T-S) measurements nominally every 10 days. These data 
represent in valuable information on the subsurface ocean and can be combined with 
the satellite data based ocean surface information on eddies. To obtain the T-S 
anomaly values from the Argo profiles, we also use the hydrographic World Ocean 

















Chapter 3  
Automatic Eddy Detection and Tracking Algorithm 
3.1 Scientific Background 
An eddy could be intuitively defined as an isolated rotary structure with localized 
variation of sea level. A clockwise, anti-cyclonic, rotating eddy has a higher sea level 
and a counter-clockwise, cyclonic, rotating eddy has a lower sea level around a center. 
Streamlines of geostrophic flows correspond to the closed contours of sea level 
around the eddies [Chelton et al., 2011]. As emphasized by Chaigneau et al. [2008], 
mesoscale eddies can’t be extracted from a turbulent flow without a suitable definition 
and a competitive identification algorithm. Therefore, several methods have been 
proposed for the detection and tracking of eddy in the ocean. Currently, most methods 
could be roughly divided into two main groups. One based on physical properties of 
the flow and another based on geometric criteria. 
One of the most popular methods of physical base is W-based method developed 
by Okubo-Weiss parameter. Okubo [1970] and Weiss [1991] introduced an 
Okubo-Weiss parameter, which is widely used to detect eddies in the ocean. The 
parameter W is defined as 
2 2 2
n sW S S ζ= + − ,                         (3.1) 
 
where nS  and sS  are normal and shear strains, respectively, and the last term ζ  is 




















ζ ∂ ∂= −
∂ ∂
,            (3.2) 
 
where 'u  and 'v  are the zonal and meridional components of the velocity, 
respectively. x is positive to the east and y is positive to the north in a Cartesian 
coordinate system. Through the geostrophic approximation, the surface velocities are 
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